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INTRODUCTION 

. . • • i . u a ' . i i i . ' ' • " p e r a i a r e .;; : : •.••:••<•• v 

• ••• ••'::. The th« l - : ' I f ~'-r..s ! !--• s •• ".-•" r .c-- ' i ! . : i 

r. :- : t a r m o l s :a:>- - : t<.a : : •: -* > .' ' i f . .-."-• 

•".jr.r.o'.f a r e . ' l e c t r : - i l l y jor.ne..-; ea ir. s e r i e s . • •• : • •.: 

' H I . - •••< t a e e n t h e in, : l -.' i d u . i l S i ;.> . ' i - - - . iT . t s a : . - . : • • . ' . • • 

. 1 : - . ' i r c t r o d e s . The thor - . -v : ! o i '; • l o - f r i c i ! ! ' . ; • •• : ' • 

:• ;• * h e m a l l y . - o r . n ' V t r ; : t * L^ r h t!u heu* sou r . ' - *.:, : -,• ;• .:.• 

I y b ' T u n n i t r i d e d i s k s . The nea t s"-.i c i ' "ind t h- : . I • ;•• 

r h i r - U l y i s n h n o d f r o m r h- > i t ' : i d , ' i r mnc! ' , ' !• ^ : 1 ; - : 

: f . ; ' , i* . 'n i '!i[l-KJ w h l e h i s " f r y \ y ' .--,.- p i c a:. . . a : • ; i .• 

<uit : •'. " i r u u n . The who I f up.st must b e a s s e m b l e : i:. i : r y !>.••• 

II -,.,.. • h e r o . 

Snrne o : t h e HTC'.i i-rod.:,-<-l it ;:' ';n h i\ 'e e x h i b i t - : .1:. 

m o n . i l m s l y t a n ? " ' u v r c i s c : - < r : f u f - -n i t 1:0 a s ,1 f u i . c t i - : , •: 

t i n e . F l o c t r i c a l t e s t s by K. R. A ! J . - 1 , 2 5 ) 1 , i n d i - . u e - i t h a t 

s h o r t s w e r e d e v e l o p i n g b e t w e e n f h ^ ^wt f u n n e l s 1 ' t h o v.r.xt 

a t t h e h o t e n d . i i r t i c a l o ' . i ~ i :i ir 1 .••• by 2531 i n d i c a t e d , n i n o r r 

a r e a s o f c o n t a m i n a t i o n on t h e e n d s of t h e t h e r m o p i l e . On<-

s u s p e c t e d s o u r c e 01 t h e c o n t a m i n a t i o n was p h o t o r e s i s t [ w h i c h 
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is used in the W contact definition) that had not been completely 

removed durimi cleaninq. 

As part of the overall effort to determine 'ho cause if -he 

anomalous degradit ion, Division ">P?1 was is^'i: •• -rovii. ?ir: i ••• 

.inai'/iis support in an att.-mpt '• io-.-ntify -..h'' ••.;'.•-r ± i'. oa is . :. : 

the short and to evaluate the ef: "r-t l'-oness o: .:irrr. :'. ;t'"-

ced'jros for removini photons i st . This re:.ore ;--t 11 ' :; ' h-- ::.-

vest uj.itior.s whi-h Jed to the : lent i : i cat i on < : <•.• •!,-!•• • • •.• 

electrical deqradat ion. In addition, an alter;,•'• •'. • if.ir. : 

procedure for removing photoresist is suggestoi. 

nXFKRPtoNTAI. RiSL'.TS 

Contamination on Thermopiles 

The ends of a number of thormipi les reniov- : :: • *. • 

• mits were examined usir.i a scanr.ino Ai.ior - i.:r- : r •'•."• .-.:*•. 

i minimum beam diameter < ! J "i. W i ' h this H W ! ,-. r' :. • !. 

secondary electron images .mi soanr.ir.; Auger i- i i. • • :1 : :• 

obtained. A typical example of a secondary el.--* r • i • > 

shown in Fiqure 2. In addition to t-'.e K, Sloe, •.:: : :l iss it- I ., 

two other features are seen. The first is a rather l.ir :• :-.>-):••: 

o: particles. Auger analysis of these particles ir.»:ic ites t'; i< 

they are high in Si and o. t'hev : robably originate fro:-, tho 

"1in-K insulation which is a fine particle silica. Also seen r, 

this picture are a number o! dark lines which run roughly per

pendicular to the glass interface which separates the two 

channels of the thermopile, when observed at lower magnificu-

tion, these lines appear circular. Analyses of these areab 

indicate that they are hi-:- .n H and N and probably originate 
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Figure 2. scanning electron micrograph of the end of .1 thermopile removed from 
a failed RTC. In addition to the S i Go (11, 'V (2) and glass layers (3), 
a largo number of particles (4i and circular striations (5) ate observed. 



from the machining marks on the BN used for the electrical 

isolation. Analyses of the W and SiGe areas indicate the 

presence of C, '), CI, Na. The glass area has varying amounts 

of C, 11, and Si. Ficure 3 shows a ShM and C (KI.Lj Auger map 

o: the hot end :i a thermopile whL.:1I had been identified to 

have! an electrical short near the edge (right side) of the pile. 

As c m be seen trom tr-e Auger map, carbon is observed on th.? 
TV i) i.: i. The vt r ' br.ght spots between the pads .U-- due to 

electrical charging of insulating particles (ir.ost'y Iron the 

'•'in-Ki. The bright area near the riuhthand si.'.i- ulor. : the 

:lis ' iver is not due to changing and indicates a ' iuh level 

of carbon is present in this area. The high I'-'vL ot (' is also 

observed "around the corner" on the glass layer on the side of 

' !tf thermopile and extends approximately 4 mm d' v;n the thermo

pile. This observation led to the hypothesis that the --leanir.; 

•-rooedire used to remove the photoresist was ins u fic ient , 

• •specially ne ir the *̂ dge of the rule. It was spcciluted that 

it h,f:h temperature the photoresist was charinci ir.d beconii r.ti 

'-'onJuet incj. This speculation was supported by electrical 

cond ictivity measurements made by R. Johnson, 581^, on the 

photoresist. The electrical resistance between th ' two 

channels of the demaded thermopile, shown in Figure 3, was 

determined by organization 2^)1 to be 10,000 ohms. This 

area was sputter cleaned in the Auger system using 5 keV Ar 

ions. After sputtering, the photographs shown in Figure 4 

were obtained. These data indicate that the C contamination 

was almost eliminated by the sputtering. Subsequent electrical 
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Figure 3, Scanning electron .uicroqraph and carbon Auyer nap of the hot end of 
a thermopile removed from a failed RTO. A shori in this unit had been 
electrically isolated to the qlass area in the riqht hand portion of the 
photoqraph. Note the hU)h carbon observed in this area. 



r 

Figure 4. Scanning eleciron micrograph md 
."irbon An (• 1 -"i obtained af^T sputter 
clearing the hi.;h carbon area shown in previous fiaure. .•Jote the low level of 
the remaining carbon. 
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measurements indicated that the resistance increased by three 
to four orders of magnitude to a value which was in the 
acceptable range. From these data it was concluded that carbon 
was a major contributor to the shorting problem and that the 
problem \/as one of surface contamination (i.e., the removal 

o 

of a few hundred A of material corrected the problem). These 
L.ta lid not, however, identify the source of the carbon. 
because removal of photoresist was known to b* a problem and 
•lie ol-'ctrical tests of R. Johnson indicated that at elevated 
• .^mpcratures photoresist could give the anomalously high con
ductivities which had been measured on thermopiles, tests were 
-jnd irted on the effectiveness of various cleaning procedures 
m removing the photoresist. 
Cleaning Procedures 

Auger analysis was used to evaluate methods for removing 
; hotoresist from the thermopiles. The cleaning procedures which 
'..vro tested consisted of three general groups or combinations 
• : roups. These were chemical, ultraviolet, and plasma cleaning 
'both oxygen and hydrogen). Plasma and ultraviolet cleaning 
w<-, u included because they have been shown in the past to be 
\ery effective in removing hydrocarbon contamination. 

There are a number of reports in the literature where ultra-
••iolet radiation has been used to remove hydrocarbons. The 
principle mechanism for this reaction is believed to be the 
formation of ozone which tnen reacts with the hydrocarbon to 
form volatile products. Because this reaction is rather slow, 
it is usually used as a "final step" in the cleaning process. 



This is also the way it was used for these measurements. In 
collaboration with F. W. Oswalt of 5821, three chemical cleaning 
procedures were evaluated. These are listed in Table I. The 
first was similar to GEND's method which included scrubbing with 
cotton swabs. The second was a procedure which was suggested 
by Frank Oswalt and the third was Frank Oswalt's procedure followed 
UV cleaning. The effectiveness of these cleaning procedures was 
determined by monitoring the carbon and Si Auger signals from 
Si samples which had been coated with photorebist and cleaned 
by the various methods. The results are shown in Figure 5. 
These data indicate that scrubbing is not as effective as 
"•.uj.tiple stages of ultrasonic cleaning and that tt>_> addition 
of UV as a final step in the cleaning process plays a major 
role in reducing the carbon level at its lowest value. It 
should he noted that the thermopiles can be stored ir. a UV 
chamber after cleaning and their recontamination can be r 'evented. 

A thermopile was cleaned by the above method and the SEM 
results are shown in Figure 6. As can be seen, the particulate 
and stain levels are very low. In addition, surface analysis 
of the various areas indicates that the carbon contamination 
level is also low indicating that with this procedure, thermo
piles can be successfully cleaned prior to assembly. 

To qualify UV for the cleaning process the question of 
oxidation of the W contacts and subsequent loss of adhesion 
had to be addressed. This was studied by UV-treating W thin 
films for varying periods of time and then determining the 
oxygen concentration as a function of dc^th. The results of 
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TABLE I 
Methods Which Were Tested fo. Their Effectiveness 

Photoresist ! 

Method I 
1. Scrubbing with cotton 
swabs with 1, 1, 1, tri-
chloroethane 
2. ultrasonic cleaning 
in 1, 1, 1 trichloroethane 
(2 rain) 
3. Ultrasonic cleaning in 
isopropyl alcohol (2 min) 
4 . B10w off with effa-
duster 

Method II 
Ultrasonic cleaning for 
2 min followed by blow 
off with effaCuster 
1. Trichlcjiroethylene 

2. Isoprofjiyl alcohol 

3. Deioni?ed water 

4. Isopropyl alcohol 

5. Isopropyl alcohol 

Me thro r: 
3ane as 
Method I. 
follow.-: 
24 hr »M: 
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3. Auser spectra cbt.iar.ea frcn Si saapies coated wit!: 
photoresist after A) no cleaning, S) Method I 
(Table I), C, Method II, and D> Method III. 
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Figure 6. Scanning electron nicroqraph anc. 
carbon Aucjer r.ap of -± .lermopil^ 
after .-iQ.inin .* by nethou III. Note 
the lev; level jf ^articles and carbor. 
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the measurement are shown in Fiaure 7. As this fi.jure indicates, 

the aepth to which the oxyaen extends is independent o: the 

sample treatment time (the oxygen level in the surface layer -ay 

charge, however). The depth to which the oxygon ,'stonjs is 

a small fraction of the total K thickness and therotort : !> "V 

treatment should not degrade the -uality of the w •onr.i::s. 

The rate at vhich photoresist can be removed in a " :ry' 

process can be increased significantly by usmu an • 'XV.J.T. :•. IS-.-I 

rather than UV. As a demonstration of the e: f i' -t . • .T.I-SS •: 

oxygen plasma cleaning, photoresirt was remover. : ro- a '.\ :"il-

by oxycjen plasma alone. Fiaure 8 shows a company r. f • .-:. 

x-ray ohotoolectron spectra (MPS' taken before -l.vi-.i-. : 

(primarily C and O) and after cleaning at 100 sitts .: ".'•• T-.: -

oxygen for 15 min (very little carbon, along with '.<, •"> in: Sr. . 

These data indicate that the oxyaen piisma is v.vry •-. : : -i.::t 

in removing the hydrocarbon (to a level as low a.s t h.i* •i,i::r.-: 

by any other nethod) . However, a siqnificant :.:ar.t ity : t.r. 

was being deposited during the treatment. Data obtur.fj iy 

secondary ion mass spectroscopy indicated that the Sn was ir. 

an oxidized state. Bulk analysis by emission spectroscopy 

indicated that the photoresist (Kodak Metal Etch Resist con

tained approximately 0.3 wt. Sn in the bulk. This value is 

much lower than that observed on the surface. Apparently durir.v 

the plasma treatment the hydrocaioon portion of the photoresist 

is removed and the Sn from the buik is concentrated in a surface 

layer on the sample, while this negates the use of oxygen 

plasma alone as a one step "dry" method for removing photoresist. 

17 
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Figure 8. X-ray photoelectron spectra obtained from w films 
coated with photoresist after A) no cleaning, B) 
15 minutes of oxygen plasma and C) 24 hours of 
hydrogen plasma. 
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• -.. . ,• i * i .'.'!! • •• . '. i •: i . h i ' V M i s work w i t ' . <;t i\>U i t • - : ri : . 

• i* • : * ha t i '.- •! t • • ;- •'. • . : . : • • w- - »1 -' a |>; r e s s l vo 1 y . i l l . . j r. <-. t * I- .;• 

' ' • • " i i 11- i 1. 11 .' : t • i: i.' :.: ' ; . r l n i r l l y met ha no ) . Pliot-on-.> I si 

i : l .-s " n V.' W'T> • >.:• ••:»-t *• <. h'/'lrr»'ii>n p l a s m a which, h.ul th- .ar.--

• .: . r . - , : • wf-r i . t h i t . - . - : !-n t»i#- nxyi jen p l a s m a . ViHu ii 

''t - it i on . . ; i i ' t ' - i ' it* Hi. ' phot r i r o s i s t had not lun-n r o n ! ' . " . -

: * ii" ul *"-'• i . XI": . ' I I : ; : . -"onl l i nod t h i s o b s e r v a t i o n , i . e . , 

i . i : !<• i* •; l :r, i '• :•. •. :*•••••*.•:. 1 r. a d d ] t i o n , H i W a s J o t * "t <> ! 

; • - .• ' h i - -. \ i •••• * i • • ,t - • t,i . *!' i. • S i i s d u e t o a r e a c t i nn o! 

• \ . ' : y i r n ! . r i s I i s - i v.'ith f n m a r t / r e a c t i o n chamber t o t o r " 1 

- i - m-.l i ' i! • •. i ;.t !••*). v, it i o n o* v ho s i l a n o . i n t o t h o s.iv.j 1<-

: '. . . .-:*••-** M i . i • • :• • .ti:.»-r ••• I in < •* hor s t u d i o s whoro mot a 1 •; ' . . c - • 

).• • r, t ; • it . • i I I . (

 : . .-.ir »'ti-n ; l asma . From t h o s e r e s u l t s i t v; ... 

• ••:; 1 '< 1 t ! tt i •• I t ' - i ' - r . ->! »sma i s n o t e f f e c t i v e i n i e m o v i n i 

• h-- -' jrlak ''.•» .*i • - •': H e s i s t . 

Tho ii.>toc* i n ' ) ' :>. i r t in p h o t o r e s i s t l e t ! t o r o o x a m i n a i-»r 

•it t h e d a t a ol>t 11 ru •* t r o n t ho s h o r t e d a r e a on t h o t h c r m n m ]e 

i n o r d e r t o d e t o r r . u n o i ! Sr. was pi o s e n t i n t h i s a r e a . I t Sn 

c o u l d bo p o u n d , i t wouh i tx- i p o s i t i v e i n d i c a t i o n t h a t p h o t o 

r e s i s t w a s t h e s o u r c e of t h o r -arbnn c o n t a m i n a t i ' - n . No s i g n a l 
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from Sn was found in the Auqor data. Because the bulk concentra

tion of Sn in the photoresist is near the Auq'T detection limit, 

these findings did not completely rule out photoresist as the 

smir.T ot the carbon. They did siufMost, however, that one should 

can-fully examine all of" the processing steps tor the source of 

t h-• .-.irbon contamination. When this was done by organisation 

.' . M And C.ilNI) personnel , it was found that the bakeout oven used 

u< •• i.-'ium : ake the thermal insulation (Min-K) was untrappod and 

tfi.it si'init Leant mounts o; oil had backs t roamed into the oven 

ind were contain i nat irvj the Min-K. It \.aj suspected that this 

ivint immation could be transferred to the thermopile and lie the 

s> if • • ot t he >• :rhrin wh i ch was t h« • e uise of the shot t urn pr-"-i 1 em. 

Wti'-n test units were built with Min-:' which had been vacuum 

ba'r.-i in i '"elean" oven, the acreioiated de tradition nt t li * * 

units d lsappear ed . Therefore the hi imary cause D ! 'ho i ••• -, • i, • r a t , -d 

i« • 11 iu.it ion I s t 'iou<lht to h a v e b e o n fi I eont a.*i i n.i t i o n . '!< »w< ••.'< •: , 

• !•.. t -!o| i ) •• <• I. • in iri'i is still c o n s n\> red to bo i .-r i t ; -a [ : r < .-ess 

iii'i IV cli'.iniri i h a s b e e n a d d e d to in i n i Mi zo contJinni.il ion : : < .!• I • •iv.a . 

<'ONCI,USlOMS 

fiolii t h e s o s t u d i e s two m a j o r c o n t r i b u t i o n s w«-:o m a d e t<- t ho 

•in 1. .-.tandinq and reduction of the- degradation of t lie MCJ7 10. 

1'it .t , it was elfirly shown by Au-jet analysis that the eloctiical 

i<';i il.it ion was caused by "rtaee earbon contamination. The 

soureo of the earbon contamination was subsequently identified 

(by J'J U ^nd C.FNI) personnel) as pump oil contamination of the 

Min-K therm \l insulat -on. Second, thermopile cleaning procedures 

were evaluated and an improved procedure* which used UV clcaninq 
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a^ a final step was shown to be superior to the one used on the 

production line. When the pump oil contamination was eliminated 

and improved handling and cleaning procedures were incorporated 

into the production line, the MC2730 successfully passed TMS . 
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